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論文内容要 己目
This paper was composed by 6 parts. 
Chapter 1 isgeneral in仕oduction. The background of biomethane production 企'Om waste 
and the objective for this study w邸 introduced.
Chapter 2 is the review on the methane fermentation of organic solid wastes. The 
fundamentals of methane fermentation, the process aspects, the recent development of 
methane fermentation processes from high-solid waste, and Inhibition in methane 
fermentation of waste were introduced. 
J-feedst田k 加水， 2-Mixer, 3-SampJing pump, 4-Thennometer, 5-Methane 問actor，
6 -Gas-water separation chamber, 7 -Gas meter, 8・Desulfiration bottle, 9-Recirculation cooler, 
IO-Hot water recirculation, ll-Effiuent pump. 12-Digestation sludge tank 
Fig 1. Schematic diagram of continuous experimental. 
Chapter 3 is the study on the inhibition of trace metals in high-solid methane fermentation 
of food waste. A schematic diagram of the reactor used in this study is shown in 
Fig 1. The continuous experiment was conducted with a CSTR-type reactor with a working 
volume of 12L. Fig 2 illustrates the time course of the biogas production rate, the methane 
content, pH and total VF As content. Stable mesophilic methane fermentation was realized 
when the HRT was at both 100 days and 50 days. From day 50 (HRT 30days) a sudden drop 
in the pH level was observed. After 75 days, reducing the organic loading rate by running 
and closing the reactor on alternating days did not prevent the reactor from further decreases 
in gas production. Rather, concentrated VFA accumulated (on the surface). The gas 
production rate did not pick up again even when the HRT was 60 days during the latter 
period of the first run. It was inferred that the inhibition factors may have been a lack of trace 
metals or a high ammonia concentration. The ammonia concentration, however, at not more 
than 1100mg/l, was outside the ammonia inhibition range indicated by other researchers. As 
such, it was decided that the main reason for the gas inhibition must have been a lack of trace 
metals. The batch experiment, in which the effect of individual metals and combinations of 
metals (iron, cobalt and nickel) was tested, showed that iron, cobalt and nickel combinations 
had a significant effect on the methane fermentation of food waste. According the results of 
the batch experiment, a combination of iron, cobalt, and nickel for 10, 1, Img/l, respectively, 
was added into the reactor once a month during the second run. Even though the gas 
production, methane content, and the pH had decreased, they were restored after adding the 
trace metals. During the third run, trace metals were added to the substrate to the effect that 
no inhibition was noted at all. Based on theoretical calculations and experimental results, it 
was found that the most suitable values for Fe/COD, Co/COD, Ni/COD are 200,6.0 and 5.7 
mg/Kg.COD, respectively, in the high-solid mesopjilic methane fermentation of food waste. 
The unstable thermophilic methane fermentation was happened after 2-3 months since the 
reactor start-up. The most suitable values for Fe/COD, Co/COD, NilCOD are 276, 4.96 and 
4.43 mg/Kg.COD, respectively, in the high-solid thermophilic methane fermentation of food 
waste. The reduction of TS, VS, T -COD, and carbonhydrate in thermophilic condition were 
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77%, 80%, 80, and 97%, respectively, which were higher by a few hundred points than in 
mesophilic condition. 
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Fig 2. The time course of the biogas production, methane content, pH and total VF As 
content in the continuous experiment Run I, II and Ill. 
Chapter 4 is the study on improvement of methane fermentation of chicken manure by 
co-digestion with cassava. The Fe/COD, Co/COD and Ni/COD ratios in 100% chicken 
manure was 925mg/Kg, 1.18mg/Kg and 23mg/kg, respectively, which satisfied the trace 
metals requirements range calculated from literature for methanogenic bacteria. The values 
for C/N ratio in 100% chicken manure was 4.46, and 6115 mg of ammonia is generated 
proportional to per volume of substrate fermentation, indicating reactor instability and 
should be failure in methane fermentation because of the low values in C/N ratio and high 
ammonia production per volume of substrate. The values for C/N ratio was increased to 
7.89 and generated ammonia was decreased to 4324 mg for per volume of substrate 
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fermentation by co-digestion using 30% cassava and 70% chicken manure as substrate, 
indicating that improving methane fermentation of chicken manure can be realized in 
co-digestion by an adjust of CIN ratio and ammonia production. This indicted that the 
operation to be quit of the inhibition of methane fermentation of chicken manure is 
co-digestion. In order to test the improved effect of methane fermentation by co-digestion 
under a continuous mode, a running for one month was obtained for the methane 
fermentation using 100% chicken manure. The result in mesophilic reactor showed there 
was not exceptional values observed in reactor performance, excepting the level for the 
ammonia concentration of 2100-2400 mg/l was observed, corresponding to 0.7 g acetate/I. 
but the continuous increasing of ammonia content during the operation was observed. The 
ammonia content was increased from 2000 to 4000 mg/l, corresponding to the increased 
VF As to more than 10000 mg/l, there was no more than 50% of methane content, implying 
ammonia inhibition occurred. However, with the accumulation of VF As happened, the pH 
of the chicken manure based digester did not show any dramatically decreasing, remained 
in the range above 7.0. The theoretical calculation according the organic composition of the 
feed showed there was a high possibility for ammonia inhibition in the digester. So in order 
to prevent the rapidly accumulation of ammonia content, a co-digestion with a feed of 
chicken manure and cassava was carried out, the component ratio of which was 70% 
chicken manure : 30% cassava. The result of Co-digestion of chicken manure with cassava 
showed that the VF As decomposed corresponding with the decreasing of ammonia content, 
and the VF A concentration was almost undetectable till to 40 days, with the ammonia 
content decreased to about 2000 mg/I. The biogas production attained to 0.25 L/g-TS under 
stable condition. The stable operation of mesophilic, anaerobic fermentors at ammonia 
concentrtion about 2000 mg/l was attributed to the acclimation of methanogens to high 
ammonia concentrations and the dilution of substrate by co-digestion. However, there still 
was a concentration of several thousand of mg/l of VF A till to 60 days in thermophilic 
condition, with the ammonia content of 3000 mg/I. The reduction of organic was as low 
as 50%-65%, which were 
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higher by a few hundred points than in the thermophilic conditions. 
Chapter 5 is the study on the upgrading of methane fermentation of chicken manure 
using stripping method, in order to get an overall improvement of performance from 
methane fermentation of chicken manure. The objective of this method was to study the 
methane fermentation of chicken manure by ammonia stripping without adjusting the CIN. 
In the first part, an ammonia-methane two-stage methane fermentation of chicken manure 
system was used to investigate the performance of methane fermentation of chicken 
manure. The result showed that the reactor was stable until 70 days without the ammonia 
inhibition happened, indicting that it is possibility for methane fermentation of chicken 
manure by ammonia stripping without an adjusting of CIN. By way of contrast, although 
the TAN content was about 2900 mg/l in methane fermentation of stripping ammonia 
chicken manure, which was higher than the TAN content in co-digestion, there had no the 
ammonia inhibition appeared, which can be explained by the acclimation of seed sludge. 
Also, there was a concentration of a few thousand of VF A in thermophilic condition, 
although the TAN content was lower than 2000 mg/l, which because the seed sludge in 
thermophilic condition was from the wastewater plant. The reduction of TS, VS, T-COD, 
and carbonhydrate in mesophilic condition were 77%, 77%, 82%, and 67%, respectively, 
which were higher by a few hundred points than in thermophilic condition. It was verified 
that ammonia stripping is useful for removal of ammonia from chicken manure. 
Methane fermentation of chicken manure using ammonia-methane two-stage 
process also has been used in yunezawa plant in Japan. This process separate 
ammonia from chicken manure via ammonia methane fermentation, but this is 
a costly process and still requires a vast amount of energy. In the following 
study, another ammonia separate system for methane fermentation of chicken 
manure via ammonia removal by effluent circular heating was investigated. In 
the second part, an ammonia stripping system by heat treat digester recycle will be 
investigated. At first, the improved performance of methane fermentation by heat treat 
digester recycle was studied using batch experiment. The results showed that the suitable 
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temperature was 65 DC both improving methane production and realizing ammonia 
stripping under mesophilic condition, and 90'C for thermophilic condition. The results 
indicted that the upgrading process can realize the stable methane fermentation of chicken 
manure without an ammonia inhibition. Calculated values for FNH3 was 0.043 for 
ammonia-methane two-stage system, and 0.128 for heating circular methane 
fermentation system in mesophilic condition; 0.19 and 0.39 in thermophilic 
condition. The calculation values for FNH3 indicted that the ammonia removal 
can be increased to 3 and 2 times higher respectively in mesophilic and 
thermophilic conditions, using heating circular methane fermentation system 
than ammonia-methane two-stage methane fermentation system. 
Chapter 6 is the conclusions are based on upgrading of methane 
fermentation from high solids wastes by controlling trace metals, ammonia, 
and temperature, and also the recommendations for further investigation was 
suggested. 
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論文審査結果の要旨
メタン発酵は，廃棄物系ノミイオマスからノミイオ燃料を生産する有力な方法で、あり，有機|生固形廃棄物の循環型処
理の倒すとして注目を集め，その応用拡大が望まれている。しかしながら，生ごみや畜産樹醐などの高濃度固形
廃棄物はその成分手品或が大きく変化し，メタン発酵に様々な障害をもたらす。本論文は，固形廃棄物の高濃度メタ
ン発酵の効率化と安定運転を図ることを目的として，微量金属の影響，アンモニア阻害およひ雪量輸昆度の影響につ
いて検討を行ったもので， 全文が 6 章からなる。
第 1 章は総論であり，本研究の背景を述べ，研究意義と目的についてまとめている。
第2 章「有機性廃棄物のメタン発酵に関するフ。ロセスと阻害要因のレビュー」では，固形廃棄物メタン発酵の既往
研究および阻害因子についてまとめ，研野課題の整理を行ってし、る。
第3 章「食品廃棄物の高濃度メタン発酵における微量金属の必要性と添却基準j では，炭水仕鋤を主成分をとした
食品廃葉防を原料としたメタン発酵の連続実験を行い，鉄，ニッケル，コバルトの微量金属糊日の必要性や納日効
果を実証したとともに，原料の元素分析，菌体増殖率およひ商僻蹴に基づく理縦句考察を行い，納日基準を明ら
かにした。その結果，中温メタン発酵において必要なFe/COD，Co/CODおよびNilCOD 比率はそれぞれ200mg広g，
6.00 mg/Kg, 5.70 mglKgであるのに対して，高温発酵条件では Fe/COD， CoICOD およびNilCOD はそれぞれ276
mg/Kg, 4.96 mg/Kg, 4.43 mg/Kgであると特定できた。定常状態における有機物の分解率は約 80%で，バイオガス
生成量は O.86Ug"分解vs で、あった。これらの知見は，食品廃棄物のメタン発酵の設計およひ漣転管理に基礎的参
考基準を提供するものである。
第 4 章「共発酵による鶏糞のメタン発酵の効率化J では，鶏糞の単独メタン発酵における中温発酵と高温発酵の性
能を把握し，アンモニア阻害の発生条件を明らかにした。そして，アンモニア阻害を回避する方j去として CIN 比の
高い食品廃棄物で、あるカサッパとの共発酵を取り上民連続実験によりその効果を籍正し丸共発酵では微量金属
およびCIN 比の調整効果があり，メタン発酵の安定運転に寄与できることを明らかにした。これは有用な知見であ
る。
第 5 章「アンモニア除去システムおよW且度制御による鶏糞メタン発酵の効率化j では，鶏糞単独の高濃度メタン
発酵を実現するために， (1) r脱アンモニア+メタン発酵J と (2) rメタン発輸夜の脱アンモニア循環処理j と
いう二つのシステムを想定して実験と計算を行い，両方の処理性能を把握した。鶏糞単独で高濃度メタン発酵の長
期安定運転を実現したことは重要な新しい成果である。
第6 章「総括」では，本論文の主な成果を総括し，その応用展望を述べている。
以上のように，本論文は，まずこれまで、非清平明で、あった固形廃棄物のメタン発酵における微量金属の必要量とその
添加基準を明かにし，それから鶏糞のメタン発酵におけるアンモニア阻害問題を解析し，食品廃棄物との共発酵に
よる効果を示した。そして，鶏糞単独の高濃度メタン発酵を実現する新しいシステムを提案し，実験を通してその
可能性を評価した。これらの研究成果は食品廃棄物や鶏糞などの廃棄防系バイオマスのメタン発酵処理の普及に貢
献でき，環境科学と技術の発展に寄与するところが少なくない。
よって，本論文は博士(環掛ヰ学)の学位論文として合格と認める。
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